Data were collected on the seven day weighed food intakes of 65 schoolchildren, aged 12-13 years, living in an inner city, socially deprived area in east London. Blood samples were collected during the week and analysed for cholesterol, serum ferritin, vitamins A, E, B-12, a carotene, and folic acid.
A previous study of the nutrient intakes of a group of pregnant women in the inner city borough of Hackney in east London highlighted the fact that there was an important minority of women who ate a poor diet in terms of quantity and quality and that poor diet correlated with low birth weight and an unsatisfactory outcome of pregnancy. lowing on from that study, we were interested in looking at a younger age group; this paper reports the results of a study of the nutritional status of schoolchildren living in the same area.
There has been considerable interest in the diet of children in relation to their optimum growth and development, their behaviour and their risk of developing degenerative diseases, particularly cardiovascular disease, in later life.68
Although there is much anecdotal evidence of the 'unhealthy' diets of many schoolchildren, there is little accurate data available on the dietary intakes of children living in deprived inner city areas. The Department of Health published a report in 1989 on the diets of schoolchildren in which they suggested that the diets of British schoolchildren were on the whole, satisfactory,9 despite three quarters of children having obtained more than 35% of their energy from fat; saturated fat intakes were not reported. Although the 'median' intakes of most of the reported micronutrients met the recommended intakes, the intakes of calcium, iron, riboflavin, and vitamin A (retinol equivalents) were unsatisfactory in some groups of children.
We were concerned not so much with the 'average' child but with the socially disadvantaged, high risk child -the child whom both the Office of Population Censuses and Surveys and many researchers have shown is at greatest risk of birth abnormalities and of developing heart disease, cancer, and other preventable diseases in later life. The 1988 COMA report on infant feeding,6 and the 1990 WHO report on prevention in childhood and youth of adult cardiovascular diseases,7 both endorse the need to promote health awareness and a healthy diet from an early age. Additionally, 'Health of the Nation' priorities for the prevention of coronary heart disease and stroke have focused attention on the importance of diet and lifestyle.'0 Epidemiological studies by Barker et al have given credence to an association between poor maternal nutrition and health and an increased risk of diseases of the cardiovascular system to the unborn child in later life. "l Further, there is evidence to indicate a relation between nutrition, behaviour, and intellectual performance in young children and in schoolchildren. '2-'4 Subjects and methods Before beginning the study, permission and ethical approval was granted by the Inner London Education Authority and by the district ethical committee. A parents' evening was arranged at the school to explain the purpose of the study and to allow parents to meet the researchers. This was followed by a letter to individual parents asking for their written consent and that of their child.
The children, aged [12] [13] years, were all second year pupils at one secondary mixed school serving a deprived area in Hackney.
Nutritional status ofschookhildren in an inner city area LRNI=lower reference nutrient intake; EAR=estimated average intake; and RNI=reference nutrient intake.
*Percentage of children with more than recommended energy intake from: (a) fat, 57% (boys), 70% (girls); (b) saturates, 80% (boys), 90% (girls); (c) added sugar, 89% (boys), 87% (girls).
were not necessarily the same as those who completed successful dietary records. Forty five children overlapped, providing both diet records and blood samples. The blood samples were analysed for cholesterol, serum ferritin, vitamin E, vitamin A, P carotene, folic acid, vitamin B-12, and biotin. Information was also collected from the children using a short questionnaire on the amount of exercise taken, smoking, and drinking habits.
ANALYSIS
The records were analysed using a computerised nutrient database, based on McCance and Widdowson,'5 to which we have added our own analytical data on the fatty acid composition of foods. These data include the amount of 48 different fatty acids with isomers separated into all cis, cis-trans, trans-trans, and positional isomers. Because of the wide range of fats and oils in use, the software prompts the user to define the types of fat used by each pupil in each specific recipe or menu. This allows the different margarines, cooking fats, and oils, as well as the make of some high fat foods such as crisps, mayonnaise, and chocolate confectionery, to be specified in an individual child's record.
After the study the children were each provided with a personal report, based on the results of their week's intake, about the quality of their diet and how they could improve it.
BLOOD ANALYSES Serum ferritin concentrations were determined at Great Ormond Street Hospital in London. The assays of vitamins and cholesterol were carried out by Hoffman-La Roche in Switzerland.
Results
NUrRIENT INTAKES Table 1 compares individual nutrient intakes with reference nutrient intakes.16 The reference nutrient intake for protein, vitamins, and minerals is the amount of a nutrient that is enough to meet the requirements of about 97% of subjects in a group; therefore, if the average intake of the group is at or above the reference nutrient intake, the risk of deficiency is very small.
Sixty three per cent of the children obtained more than 35% of their food energy from fat; 85% obtained more than 11% from saturated fat. A higher proportion of girls than boys were outside the recommended limit for both fat and saturated fat (table 2) .
Eighty eight per cent of the children had more than 11% of their food energy from added sugar (non-milk extrinsic sugar) and over a third of the children had 20% or more.
The combined proportion of food energy derived from fat and non-milk extrinsic sugar ranged from 39 to 63%, with an average contribution from this energy of 54%. These children were thus largely dependent on less than half their energy intake to supply almost all the essential micronutrients. About a quarter of the girls had less than the lower reference nutrient intake (LRNI) for calcium, magnesium, iron, zinc, and riboflavin; 13% had a folic acid intake less than the LRNI (table 2) . More boys than expected also had intakes less than the LRNI for calcium, magnesium, vitamin A, riboflavin, and folic acid. This was reflected in the nutrient density of their diets in that the boys tended to choose foods with a higher vitamin and mineral content per 1000 kilocalories.
There was no significant difference between any nutrient intake of those who were entitled to free school meals (42%) and those who were not (58%).
FOOD PATrERNS
There was a striking lack of variety of foods eaten by this group of children, with a low consumption of fruit and vegetables. Forty per There was no association between intakes of fat, saturated fat, or fibre and plasma cholesterol concentrations in this population of children.
Discussion
Most children in this study were eating diets which were unhealthy according to all the recent recommendations based on the dietary reference values of key nutrients. Eighty five per cent of children were obtaining more than 11% of their energy from saturated fat, the target set in the Committee on Medical Aspects of Food Policy with the aim of reducing morbidity and mortality from heart disease and stroke.'6 Interestingly, however, plasma cholesterol concentrations in the sample were low, with only one child above the upper limit of the range; also, no association was found between fat intake and plasma cholesterol concentrations. This is in contrast with adult studies17 18 and with a recent study of over 1000 children from Northern Ireland where fat intakes were found to be high and 11-24% of the sample exceeded the acceptable limits for serum lipid concentrations.8 It does, however, suggest that intervention to alter dietary habits in the early teens may have potential for the prevention of coronary disease.
The average intake of added sugars, which approximates to the Department of Health's 'non-milk extrinsic' sugar classification, accounted for 17% of their total energy intake. This figure is similar to that of children in Northumberland reported by Rugg-Gunn et al,19 a figure which they point out is considerably higher than the 0-11% of total energy intake recommended by the Department of Health (1991) for groups not consuming alcohol.
The definition of LRNIs for protein, vitamins, and minerals is that amount that is enough for only a few people in a group who have low needs. If individuals habitually eat less than the LRNI, they will almost certainly Table 7 Mean energy sources (intake offood/day) by food groups in order of energy intake/day in boys be deficient. The relatively high proportion, particularly of girls, who had intakes below the LRNI is disturbing. Twenty three per cent of the girls had an iron intake less than the LRNI. Based on serum ferritin concentrations, 28% of the girls had low iron stores. There was a low correlation coefficient (0-18) between iron intake and serum ferritin concentrations in this population, however. The serum ferritin concentrations of the group as a whole compare favourably with results from a study in Eire, where 40% of a group of adolescents were found to have less than 10 jig/1,20 and with a study on children admitted to hospital in Bradford where 32-8% had concentrations less than 10 p,g/I.21 Southon et al found low concentrations in 21% of girls and 1 1% of boys in their Norwich based study of 13-14 year olds whose parents were assigned to social classes I-III.22 The significance of low iron stores in this age group has not been adequately explored; in younger age groups it has been found to be highly correlated with impaired growth, health, and development, which improves significantly with iron supplementation.14 There is some evidence that iron supplements in adolescents can have an effect on academic performance.23 Unless their diets improve during or after leaving school, the girls are likely to be entering pregnancy with suboptimum nutrition, and in this context the low intakes of folic acid are of particular concern in relation to the known association between low folate intakes and the incidence of neural tube defects. 24 The most important sources of energy for boys and girls were chips, bread, and confectionery, in that order (table 7) . The three major sources in the diets of British schoolchildren are bread (9-11%), chips (11%), and milk (6-8%).9
A third of children in this sample ate no breakfast in the morning before coming to school, and of those who did eat something it was rarely a healthy breakfast. The 20% who ate breakfast cereals on a regular basis had significantly higher micronutrient intakes. This supports the views of others that the omission of breakfast or an inadequate breakfast may particularly contribute to dietary inadequacies. [25] [26] [27] The children in this study were The findings of this study confirm the anxieties often expressed that many schoolchildren, particularly in less affluent areas, are eating poor diets, and provides baseline data for intervention. In preschool children it has been shown to be possible to prevent iron deficiency by active dietary education for parents in a primary care setting.30 31 There is a clear need for specific health education campaigns at school in which school health services have the potential to play a major part. A recent MORI poll survey of 2000 Hackney secondary schoolchildren found that only just over half remembered having some lessons on nutrition at school, and there was considerable variation between schools. There was, however, considerable interest expressed by both boys and girls in having information about healthy foods, and about heart disease, with the peak interest expressed between the ages of 13 and 14 years.32 It seems logical to target the younger children and to begin health education in primary schools, focusing on exercise and smoking as well as diet and nutrition.
Counselling and education about diet can only have a limited effect unless it goes hand in hand with policies at the national and local levels which ensure that advice to individuals and families is easy to follow. In relation to diet, there is a clear need for a national food policy, adequate child benefits paid to mothers or the main carers, and the availability of cheap, nutritious school meals.33 As Macfarlane pointed out in a recent editorial,34 without such a framework teachers and health professionals should not shoulder the responsibility for initiating change.
Melatonin
There seems to be a renewal of interest in the pineal gland and its hormone, melatonin. A review in the Journal of Pediatrics (1994; 123: 843-51) summarises recent work on the role of melatonin in human physiology. In seasonally breeding animals melatonin secretion is concerned in reproductive activity but human studies have failed to assign it a definite place in reproductive endocrinology. It does, though, seem to be involved in the establishment of day-night rhythms. Some blind people have sleep problems because they do not establish a normal rhythm and treatment with melatonin has improved their sleep patterns. It also improves symptoms of jet lag in normal people. A report in Developmental Medicine and Child Neurology (1994; 36: 97-107) concerns 15 children with severe neurodevelopmental disability, nine of whom were blind. All had sleep disturbance which had failed to respond to conventional management and which was causing severe family disruption. All of the families reported benefit when the children were given oral melatonin. There are no known adverse effects of such treatment.
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